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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a thermoelectric 
semiconductor material whose orientation can be 
enhanced by a constitution containing a hot upsetting 
process wherein a powder sintered body is deformed 
plastically in a hot manner so as to be rolled and crystal 
particles in a power sintered texture are oriented to a 
crystal orientation in which a performance index is 
excellent. 

SOLUTION: When an n-type Bi2Te3 thermoelectric 
semiconductor material is manufactured, a Bi element 
simple substance, a Te element simple substance and an 
Se element simple substance are weighed so as to 
obtain a stoichiometric ratio of Bi2Te2.7 Se0.30, they 
are sintered, and an ingot 4 is manufactured. An 
upsetting apparatus is provided with a base 1, with a 
cylindrical sleeve 2 and with a punch 3 which is formed 
so as to be passed through the sleeve 2, and the ingot 4 
is placed on the base 1 so as to be pressed by the 
punch 3. The apparatus is made of cemented carbide, 
and it is heated up to about 450° C by a heating device. By the apparatus, the ingot 4 is 
pressurized only from two directions, i.e., the upper direction and the lower direction, other 
directions are set to a free state, and it is formed so as to make the direction of a C-axis 
uniform. 
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t3&jg9 7%W±, 8»jQ^V:^y h^fflLT, MM 
^rpJtcStttCX^XU JP^l. 3 3 mm^*)x7^ 

Bf&LfCo fLt, ^->>^tTV\ 0. 6 4 mmft 
CTcO^ffiTffM^n/cp^-e^^B io.4 Sbi.e Tea 
il?i)^^pn|f»?:l 8*fJ?^U 01 2 ^ 20 

t*(Bc±BoT6D, 313. i4^»^il^i 
1 .6AWoft 0 S/fc«^iSfiMO«flSfflS«0 .4fr 



[oo6 3] mn*v*-frimmt &A,9i 

[0 0 6 4] ^CT% 01 7^-Tcfca^ 
5**«1 5JCp^*?5. nSBIS?6**fflJft&Lft 

feosttfflir, cn^pSi?, ngaR^o-a/LiifSfi 

[0 0 6 5] "T^to^ niB 1 7 (a) Olffig, lili 
1 7 (b) gp»?Sig^^TJ:-5^, 7vZ/3.7jW 

tl/c*^0. 15mm(D7^17^ 1 Omm/m i 

[0066] mi oti, mrsTzcfrm&mititirc 
[0 0 6 7] Mi ni. rai;#»-t**y h/u 

[0 0 6 8] £/c, ^12(i, B^fiW^h^U 
[0 0 6 9] 



40 



50 



fJUfPP 1 0- 1 7 8 218 

18 









itA,fc*A/Sfi*cD2Fi$fii (g/mm) 


1472 


2185 


^CA/S8ff©WMH6 (g/mm) 


1 1 2 


158 




52 


52 



(10) 

17 

ai o 



«1 1 





PS** 


NSJS* 


^^^SO¥^ffl (g/mm) 


1 430 


1914 


*/^3S£<Dg^<BS {g/mm) 


1 32 


224 




65 


65 



SI 2 









i^y^awo^fcjfii (g/mm) 


1413 


1 1 7G 


t^^ssffoe^g (g/mm) 


429 


347 




53 


53 



1 7 6fC*fLT2 18 5, 19 14), mfflm&ttn<D 
<%oTW (19 1 4(C*fLT2 18 5) <Dttt>fr 

JUTiSE^LTV^tDtftofrS (3 4 7{C*fLT2 2 4, 

2 2 4C*fLT 15 8), 

[0 0 7 0] -A, ps^psicoi^-ni, flifr<£>M& 

TV^S ( 1 4 1 3lC*tLT 1 4 3 0, 1 4 3 0{C;ttLT 

1 4 7 2) o &h,m&m<Dmmmmic-D^Tt>'mv£tt®- 

©J©TiliE'>LT^5 (4 2 1 3 2. 1 3 2 IC 

*fLT 1 1 2) o 

[0 0 7 1] :ct% &^mm<ommmg;tf*t<: < & 

[0 0 7 2] <fcoT, JKtHfiBfiltftfcT^StlftjlS? 



[0 0 7 3] COTc^m^^rL-Zl/lC^fflSiS^* 
So 

[0 0 7 4] *7c|S|fi!KLt\ BizTez.as S eo.is 
tBios Sbi.s Te3tO^Tfe, (^5*5j;tm6 

— 1 3fr>?>l . 4 ATfeofc, 
[0 0 7 5] HI 3*5*0*0 l 4©£M8fre>, M^tcJ; 

i:A't5A>So 

so [00 7 6] ST, *5gH^#?,{i, 251c, SgM*fr-3 



(11) 



# IHFP 1 0- 1 7 8 2 1 8 



19 

[0 0 7 7] (1) ffifiit 

[oo7 8] mm, mm&m*fa±z&2>c£tf'?*, 

fclifttc 9 7 %J^±tc&nfcf <fc^£v>-5 c i:^W€)*^ca 10 
o /co t l < a, ffiatt^ 9 7 %w±o«as>f >=T-y h 

[0 0 7 9] cct% mSithti. Efflffiftfc. 
SNMD t<Dlt<DC£-0ic>&o 

[0 0 8 0] (2) mania* 
«#oj»MSittinx'ett, cofSAS&fcHfK. £££ 20 

[0 0 8 1] /c/cU *y h*-S>Jt#**^fi* fflft 

H«ffln?*fc«»^-r*fe5, fflttftixk:j:a«ss 

*nw±EiRj^-r-rsa^i:u^ci:j«:a*o 
[0 0 8 2] »te, antsflgef*^ 
ji<ao, nfflWftiinxtcia^av^i/^rais^feSo 

[0 0 8 3] mm. Btte>f>3y b&W&tUJL'rZMC 
lSltf»<ftoTlS5 tt**S*JMTT?* SCi: 

[0 0 8 4] Mfcmcl*. 5 5 0° CttTT'fioT, 81 
ttS^^SIfflWaiiftTfT-p C 3 50° CK 40 

[0 0 8 5] %4o, *y h^uxojaRKHfcaittinx 
©ifift«Hi:ttBli: ,, P*«0^flSL^i:*>l6n*o 
[0 0 8 6] (3) Sltttaiftrfi 



20 

[0087] mm. MiE&fflWffim&tioimmt^oi* 

©##ffiU *®IEHfc^ 7 0 k g/cm 2 i^±3 5 0 k 
g / c m 2 OT©KfflT'S5 C £ W ZMcft-D Tc 0 

[0088] (4) mmozfaJz* 

o-feX*i!IiL«<li:T% ±fg (1) OlBtfJt*^** 

[0089] -rs*^ «as-r>dr^ uc^i 
[0090] sfc, «aa>f>=f-y h*. Mtxc^i 

[0 0 9 1] (5) fffitOSIft 

Sfe. ^XS<Dlelf»*J»^UBE«lit*MH*«^:^^:r 
[0 0 9 2] U±0 (1) ~ (5) £O^T, WTStt 

[0093] -m4<Dmmm 

£f\ ±E CD ©«B*Jt#9 7%Ja±K:ft*cfcfc:J: 
*tt!6iRi±oaf*fiaik:oi/^TKWr*o 

[0094] m^rcm2<ommmt^\ 

CaSOBi2Te2.7 Seo.ao ©nSfflMt***** 
¥*5Sg2 0 |imt«U cn^MSfig5 0 0° 
C, ftDffi*7 5 0 k g/cm 2 "C* v h 7" 1>X LT|»* 
j&BBS-efco T^ttS (20pm) tiS§2©*fittf«<fcD 

[0 0 9 5] ^2 0^fiS»yi:|5l^C, 09 

t> 4oo° ctcria 1 

^rl00kg/cm 2 S^WIC 450kg/cm 2 

[0 0 9 6] co«jg»o»ig^>=r^ b£\ 

4 0 0° CT\ 4 8«FM^tT;l/=f>ja7t;^xSAS 

[0 0 9 7] »87{i, ^2 0^M^Ji:*^4 0^ffiCT 

liS2<DSti!ieiJW7 *v h*— 

^ (^P^S^) (DXS««P8Lfcfl|'&-efe?), 

^iTofcS^fNltt^o ^/c> ^^h7 P bX2i:$) 



(12) WrBfl^p 10-178218 

21 22 

h*-^ 2 m4<DHfififf!lt?3hy h*— [0 0 9 8] 

«7 





*vK/U*1 




**KA/*2 




ttStt (mQ/cm) 


0. 950 


0. 95 0 


1. 283 


1. 056 




-200 


-200 


-1 92 


-192 




13. 8 


1 5. 0 


13. 8 


14. 4 




1. 7 


2. 25 


1. 01 


2. 42 




99. 8% 


9 9. 3% 


96. &% 


96. 8% 


IttBtR 0<iO-3/dee) 


2. 4 0 


2. 81 


2. 08 


2. 45 



[0 0 9 9] Sfc, tt£gfg&ZOW«S*£LTli, 

/Co 

[0 10 0] |WI3ifrS>BJie>fr #31 4 <DH8S$J 20 

<g< (9 6. 8%) » <es«DEisis*^-rfiSioa*tt 

J±fc<£^ (1. 0 1) CtmS. 

[0101] mits c<om&^>^y hz-mnmcm 

(M 2 (Omt^m<D 4 5 0 0 ClC*fLT4 0 0° C) tc, 
itaX^lgtf^,^? C t^^S (110, II 5# 

m> o 

[0 10 2] £/c, S4 0SiMT**y h*— S^Jftfc 30 

htmtma. (9 6. 8%) ttfHS*W:fa± 
(2. 4 5) LTVSCiitftofr*. ctifi, ©jgtcj; 

m5&iktfim± (2. 4 2) LTl^-SO&COfcibT-fc 

So 

[0103] rcfcu m<»mmm-e*v 

ttflBJB«*<«V> (Sg2©!*lS&0IJ<D2. 8 HCttLT 

2. 45) :ktfbi>«„ 40 

[0 10 4] CO J: 3 fell 4 ©SISSflWcfel^T, Jgin© 

tcts^sn^o 

[0105] -i-ftfc-B, ttisiasstztt, fifit^a^tttk 

[0 10 6] Lfc^oT, S5fti£#9 7%<fc>3 fe/h£<^ 



*^4(DHSgfi?lJ(Dt<DT'ti, fiSt©J*2fteJ**<fa±Lfc 
SJfctt, fflJ6»*Zi:LTH:, !¥tfS^i:&£2. 4 5 

[0 10 7] W±oci:fr&. SftH«Jfi^rnsMO«ElS 
>T > rf »y h OffiSJt * 9 7 %U±<Dffi U T *5 < C 

»Wk:S6nsfiBi^>=fy hO^Siti: LTti 9 7 % 
T, ffiKtfc 9 7 %&L±(Dm^^^^y h*-^ 

[0108] • s 5 onsswi 

[0 10 9] *HSBfl»J^t±> H93iU/-cS2©||fififiWi:ra 
Cffl/SQB i2Te 2 .7 S eoso OnSil^fMS 

mzcommmtm-^mmvm^^rco cot* 
mbfttcm&^y^vh Mii> hi 6 ic^-r 

OPS) ^60 mm, B^4 0mm, MSS^tl^T} 
fnJ<Dg£tf4 OmmO^OT^o/co 

[0 1 1 0] C 3 Lfcftt^y^v h 1 4*. 10, 2 
BU 3IsIi:f»H»ig-rsci:li:J:0^ ffi»JtO**t^» 

SBiU:<fctK BEWIttt 1/2 Kft 0. W2HBO«aic 
<fc?K EE«llt«l/8^3B:0. §g 3 (ElSO^igtCcJ: K> . 
ffiffiitte 1/1 6tc&£ 0 

[oiii] c<o«3R«jiaoaBS>f>=fy h 

T/l/:i>«»3?BSW»4 0 0° CT% 2 4B$H<D#& 
[0 112] mmofyzly b+-e9BUt»9 7%&L±lz 

[0 113] 



50 



23 

S8 



(13) 



*#BB¥ 1 0- 1 7 8 2 1 8 

24 





1 


2 


3 


e a tt 


1/5 


1/8 


1/16 | 


ttiBSt (mQ/cm) 


1. 006 


0. 8 8 


0. 86 


tf-^v*j£S OiV/deg) 


-1 98 


-191 


-190 


(mW/cmdeg) 


15. 2 


15. 9 


16. 0 


ttfiB«» (XlO-Vdeg) 


2. 5 6 


2. 61 


2. 62 1 




2. 19 


2. 52 


2. 55 1 



10 



mms K^rwftiajRtf i a (EEttJt i / s ) of-* 
[oi i4] mmic^txr>ic Emujvmim'tztm 

|R|± (ttteJg»2. 19*^2. 5 2^ 2. 5 2*>6 
2. 5 5^ LTl^O*%fr«o 
[0 115] Sfc, BE«JtO«*»C*»)e = FO*+U7 

[0 116] JttttOHSttit^ ttftlBffift*fTofc« 

g^>3 7 m^o^t*^ (i iuB<o»ifi-r>dr^ h 

<Q2. 19tC*fLT2. 5 2. 2. 5 5) OtW^b 
^yuvY<D2. 56tC*fLT2. 6 1. 2. 62) 

[oi 17] /c/cu cn&. a«»so«a»^>=ry 

h©* + U T*ffi»Jt«i:aLfc««h:aae'r*c: fcfc: * 

«9 



20 



30 



[0 118] ■ ^6^HSSW 

tS 0 *HSB«T»tt. fflraute*3©HSIS«l4:rai;«« 

OB i o.4 Sbi.6 Tea <D p 5SR«4**tt#S*, ^3 

*6B>r>=fyH 4te. Si 6(C3?r 4:51c. (J? 
S) tf6 0mm. H^4 0mm, Jg3S£n£73 [pJOg^ 
£M Omm^tOT^o/co 

[0 119] c3LftJ«6>r>dyH4*, 10.2 
Ek 3HlfcJ»|lll«err*c:i:fcJ:0. ffi»Jt®:**^S 

«jfijc«fc0. EEttJ±ttl/2*caD. *2l§|g©«imc 
£D> fftSJtlil/SlcfttK ^3[UBOM^J;^ 
iEISJtti l/l 6lc&£ 0 

[0120] ^ots. co«»ajfi»oaBt>f >=ry h 

T;l/dr>B^#H«*4 0 0° CT% 2 4B$f^ 
J!lS*fi6L;fco 

[0121] BBt-f h*T*fflStbb<9 7 %fiLbfc 

[0 12 2] 





1 


2 


3 


EH Jt 


1/5 


1/8 


1/16 


ttftft <mQ/cm) 


1. 1 


0. 95 


0. 84 


tf-^v^JER fcV/deg) 


217 


207 


200 


(mW/cmdeg) 


13. 3 


1 4 


1 4. 2 


tMBSR ^(10-Vdeg) 


3. 2 


3. 22 


3. 35 




1. 38 


1. 57 


1. 70 



mm 9 E^fftjfilHlfttf 1 0 CffiBJt 1 / 5 ) <Dir—$ 

[0123] mmc7n?£vic, E.mttrfmbQ-tz>tm 

± (.&mm&3. 2*>53. 2 2-\, 3. 2 2*5 3. 

3 5^) LT^SOi^A^o so 



[0 12 4] • g7<D£gfi&0| 

[0 12 5] *Hfig0ljTH±, M»Lfcai2©3afi0!i:ra 
UfflfiicO B i 2 T e 2.7 S e 0.30 On S^B^afttS:, 
¥13*Ml4 0 ftmT**»fifcU cn£iDI£2j7 5 0 kg/ 



(14) 



«pBS¥ 10-17 8 2 1 8 



25 



26 



Xte4 0 0° C. 4 5 0° C, 5 0 0° C\ 5 5 0° C 

[oi2 6] *<om*. %2(o$mM£mmc, m9ic 

T N 4 5 0° CtCT^fiJE^J 1 0 0 k g/cm 2 —45 
Okg/cm 2 TJJDJEL/Co 

[0 12 7] c<ommk<DWti&'f>d[y h*\ 

4 0 0° CT\ 2 4«pPJ/£tt7 r ;l/dr>a7c^^XfefAS 
Si 3 

*y hT r U^3S400 fl C 



[0128] co^sm&tircmM^ydty kd^sp 

00° C, 4 5 0° C\ 5 0 0° C. 5 5 0° C £ t 

3, 14. 15. 1 6£*Vfo 
[0 12 9] 









ttJSR OmC/cm) 


1, 93 


1. 62 


-tf-^^^^Sc (nV/deg) 


-236 


-235 


(nW/cmdeg) 


1 3. 8 


1 4. 1 


imm fclCTVdeg) 


2. 09 


2. 5 8 




1. 87 


2. 38 




9 8. 4 


9 9. 6 


1 4 

**h7 r U-;<;.Bg4 5 0 G C 








ttSBt (rnQ/cm) 


1, 85 


1. 52 | 




-237 


-235 


»fi£¥ (mW/cmdeg) 


1 4 


14. 1 


ttlgttlk (XlO-Vdeg) 


2. 17 


2. 5 8 




1. 87 


2. 3 8 


■ a it c%) 


9 8. 5 


9 9. 9 


1 5 










1. 79 


1. 48 




-2 3 8 


-235 


(mVY/cmdeg) 


14 


1 4. 2 ! 


t^fijft <XI0-3/deg) 


2. 2 6 


2. 6 5 




1. 83 


2. 4 9 | 




9 9. 5 


9 9. 2 


1 6 








itSftt (rnGcm) 


1. 86 


1. 57 


<*V/deg) 


-239 


-232 


»ffi33S (mW/cmdeg) 


1 3, 9 


\ 4. 1 


£R!IB (X10-Vdeg} 


2. 19 


2. 4 3 




1. 34 


2. 2 5 


| B 5 it (%) 


9 9. 6 


99. 1 



■r>:fy h©£j8*tt (JftRSftfeflO fcA^fr^ir 
9 9%«±©®&JtEfcoT33 9, 



so 



O&ISi&B 4 0 0 * C. 4 5 0° C^Jf-a-) tt, 
8. 4%*-t,99. 6%K|p]Ji, Migfi4 5 0- C<D 



(15) 



mmW- 10- 1 7 8 2 1 8 
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i§#{4, 98. 5%A^9 9. 9%lC[S]±) o 

[0130] fsaoeft mtrwmft&it) Citt 
ft (^aa*f« ic^a^inc, fw*.c^fgji 

[0131] *7 h^uxiSStfia^if-g-^tt, h 

tffiTLTLS5 (IMM5 5 0* CO»&Oftl8-r 
>rf-y h<OgSi©S73ttJ±(i 1 . 3 4) o CCDfc&b^ C 10 

VTj»M«ifi*ffofc*&K{4ElSll45St#*tl*«>00 
(1. 34^52. 2 5ICA±) . flBBmmOEKliS 

ftfcttl|g^fcLTttffi<=8:oTL*3 (2. 4 3tfff 

msmz. a sjmto . «asia«5 so* c 

OBa-f>rfy hOtt«HB»C4 2. 4 3 (SSIS-Orf-v 
h OfflK©S#tti£tt 1 . 3 4) T'SD, MtSfift 5 0 
0" C<Dffi&^>3v FOttflimS2. 6 5 («MS-i'> 

KoaHtOll^ttJta: 1 . 8 3) te«'<T«<*o 20 
Tl^So 
•lg8<D^#£01J 

o^lc, ±12 (4) T*j£^fc4:5f;:, -r*c#fgiS<E>y 

[0 13 2] ^HffSWITti, ffiffiLfcfg 1 ©HfifitfU i: |h| 
UffifSOB i 2 T e 2 .7 S eo.30 iDnlHIfl^ 

%s mi Oman, mzommmtm-comm 

S5 0 0° C, tQE-tll 5 0 k g/cm 2 ) T*4&iS£2-e 30 
mmc, ii5£ (J¥S) * s 3 0mra, liMOmm, Jg® 
t)(BLT> ^ft^nu:o^TS&£Xg;&g&e.-ltT, !S 
«*a"TAe:*«IB*fai/\ 4 5 0° ClCTS&PaligigL 

tCo 

[0 13 3] 01 8(i> 20«g^>37MD^- 

ens) , nmnftmc mm *sltv^. os 



28 

&) S6£:|Bf»Kj*4 5 0 k g/cm 2 $T'± 

[0134] raHfcjjvr j; 3 gaisotft'it 

[0 13 5] 01 914, 2 0€>*j&jg'f'>':J-y f-O 

sasB^EJfescassnstfjiCx ana 

{fcfcSsLTVS,, &*5> 018, 01 9 £ tic. ftJHUffi 
!E*li2 50kg/cm z tLfc„ 
[0 1 3 6] 0 1 8titlBSl&!?#5nftail'>' 

[0137] cne.s*s®iSiST't#p,nfc2oos 
jg^>rr>vh 1 4/j^ ; e-n-? r n0 2 otc^-rsij^e-x 

*fcV>ofe8rt*£«*tHB!lLrCo *0*g**TfESl 7, 
1 8lC^-To fcfc, M7-77*?tli, Hf — *y*Jt 

77^?3. 2J-X±©fc©tf, rjRattg|««JtV>J fcb 

fCo 

[0 13 8] jfffi^fc!— X (^ig-T^dT-y h 1 4) <Dif5£ 

ftfrr>rzt>\ J^#ftDlC0^T&fettffi©5M51;:if 5 
•O^A^e,n/io iH73 [6lT'¥^^: i: D , Jg3273[S]D<D# 

So 

[0 1 3 93 ^1714, 02 Olc^'T^jg-i'^a^ h 1 
4co*^a5CA^Jg3g*[flJDO#!EJic:i:K:, 01 81c 

[0140]8l 814, |BlD<^jS-r>'=f-y M 4®tp 
^CA^Jg5S7i(B]DOg-gggfil*i:lc, 0 1 9 icSVTfg 

T'feSo 
[0141] 



50 



29 

an 7 



(16) 



WmW- 10- 1 7 8 2 1 8 

30 



(Dim (mm) 


{mQcm) 


OtV/dee) 


(X) 




7*1-7 -J-r/iJb 

/» ✓ //// 

XTO" 5 fo/cmK 2 ) 


2 


0.94 8 


-195 


98.8 


2. 4 9 


3. 9 9 


6 


0.961 


-195 


98.8 


2.35 


3.94 


1 0 


0.978 


-194 


99.4 


2. 24 


3. 83 


14 


0.9 69 


-192 


99. 1 


2. 3 0 


3.82 


1 8 


0.971 


-191 


99.1 


2.2 5 


3. 7 5 


22 


0.989 


-1 90 


9 9.2 


2.09 


3.66 


26 


1.002 


-1 90 


99. 1 


1.98 


3.60 


30 


1.073 


-188 


98.8 


1.66 


3.28 ! 


34 


1.1 94 


-186 


9 9.1 


1.28 


2.90 



3U 8 





(mQcm) 


fcV/deg) 


mmt 

{%) 




XIO-s^cmK 2 ) 


2 


0.993 


-195 


97.7 


2.34 


3.82 


6 


0.992 


-193 


97.6 


2.31 


3.77 


! i o 


1.005 


-1 93 


97.4 


2.2 3 


3. 70 


1 4 


1.026 


-1 92 


9 7.0 


2.1 2 


3. 59 


1 8 


1.023 


-19 0 


9 7.2 


2.06 


3.54 


22 


1.1 22 


-18 8 


96.5 


1.85 


3.16 | 



©Kfi-OrTy Mi, b#^e>ffl*Jt#9 8% 

LTV>50tf^5o 30 
[0 14 2] LfrU «ff[OS*ttit«, -YvrJy 

[0 14 3] c<Ocfc-5^-tf-^^^^^gptcv^<^ 

[0 14 4] Sfc, -f>^y h*it*6*B»li:^<«H 

»PfcLfc3. 2^M^3. 6JM±Oft*»»LT* 
[0 14 5] cntC^fLT, SMKfiSttSMfc. HBB« so 



hm ai 7^^tDtc^Tmfiit*MSi/>05b ,? t)*> 

omftJttite-T^SOT* (^Sit9 7%*?S) , ^18 
T*t*2 2mm£ig*fcSgg-F£>7 :r — ?ttt«SLTt^o 
[0 14 6] -Odfy UZHKli^Z/uy htp 

frfrfrZIT, fiSt**^€<&oTl/^Ott (0. 9 4 
8tC*fLT0. 9 9 3) , ?fi£tfc#Sl 7lC«^TffiT 
LTV^fctf) (9 8. 8lc*fLT97. 7) 

(3. 9 9tC*fLT3. 8 2) . HtKfcUBftJt© 

6 1 0mmOSB«IS"t?L*\ ;<7-7 7 *£<D{B3. 6 

[0 14 7] c-5 LftJt«8S«*6. ElRlOf&fcfBStfc 

[0H8] si sic^rm&it^. mm<o&* 



(17) 

31 

[0149] c -5 Ltcmmttcomm^ m&vm&z p 
[oi5o] %fc, ±&LrcmmT*&, ^y^vb*— 

[0151] 030, 031 (i.C? LfcM7?lRlOM5i 
^It^t^C^gi^M^LTl/^o 03 Of* 10 

£^f0T£tU 0 3 lteM^V^y h 1 4tf, 0® 
cD±T^^O r3o - M^fPl TgJi ^Jfijm £ tlTl/ ^ tfjg* 
^W$So 0 3 0, 3 1© (a) aiit^il*if 

(o±mm, 03 0. 3io (b) fi^c^eoflfflffi 

[0 15 2] "T^:*^, -T^C^Htt. Ctl£03 
0. i3ncStJ:5^ ^^M4tf8iS 
n££VX2 0£. C©l^>37h 1 4*±*^S 

j±&rr&^>5M 8£, ^mc7F-?££<mW}-$riz>zL 20 
ktj;?)«ae>r>=fy h 1 4co^pjffitc^n ; rnjgtt 

[0153] HjfixsoM*T?*±. 03 o^-ress 
ffittffi-ejamajt^^toti. wssoifw, 03 
nc^-r<fc*5tc4o<Dffliii 1 9^ffii6sn> cn^4-o 

OffllSl 9^<fcoT«E3K-r>rf^y h 1 4 OX$fl7i ft^g 

&mmm±znrcVimvmmm&i)mffi'$tiz> o^y 

*1 8*TBS*ft««*iJ9t5) o 
[0 15 4] cO«fc-5ti:«igxa^»¥r— tt^TlSloe 30 
*Wi*IHjJ:Lfc«*Tt. ±5fiLft«JSXaoa¥T 

ynv b<Dmmtt&9 7%tt±JCfcoTV>< C£tfT 

[0 15 5] ST. ±SaLfc*»«n?tt. fiaSXgoa 
cfcdlCLT^Stf, tx.C^Mlg 

ai 9 
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*ffofc»l!:, S!«ixa*tf3J:5aSI«lfeRriBT* 

[0 1 5 6] 03 0, 03 1 i:^ttx.C^gi^ffll/> 
T d n^rff 5 »&Jcoi#^TWTKWr *o 
[0 15 7] -r&fc>"6. Cftfttxa^tt. 

>dr^yh i 4«^ffiMKttic a r«. o#oaMKftxai? 
l±. 0 3 nc^t < J;5lJ:4 0(DlIl 9#iKft2n. ci 

n?> 40^11 1 9»cj:oT*iae^>=ry h 1 4<o~m 

TBStiSo C-3 LT*BS>f h 1 4tf±T#lRlfc 

[0158] j»ra-rAc*«Bfixa, mmmst 

xa*a»E«k 0igLfT3<fc"3lcLTfc«fcv\, 
[0 15 9] COct^ct^C^I2lgCit>TSi 

jgxa^fTofeifr&Tfe. ±^bfc«ixao»¥Te 

Stt*9 7%fiLhfcfeoT^<ci:3b«T?*, J»*ttfll* 

[0 16 0] - » 9 OMkflM 

o^c, ±ia (2) "KS^fc!»«tt«6*ift±a**cfc 

WT**ffltt*PXilft©«H. ±12 (3) T^fc^m 
ttlE* fa± « * 3 c T * S UttinXMS 0§5H £ o 
V^THftWkHttfTBfflH-rSo 
[0 16 1] TB*1 9 it. rSK, SIMBSfiBE***^ 

WfcHMlKc* iS2 OPS) ^3 0mm, Htf 4 0mm, 

jESsnstfiaog^tf i smmoms^yziv b&W 

[0 16 2] 



* ft 


CC) 


ananas* 

(Ka/cm 2 ) 


-f>=fvMHBJUE 
(nim/sec) 


1 


450 


250 


2.08X1 0" 4 


2 


450 


1 25 


1.42X1 D" 4 


3 


450 


350 


4.9 9 XI 0" 3 


4 


400 


250 


1.87X1 0~ 4 


5 


500 


125 


1.31 X10~ 3 


6 


500 


250 


1.44X10" 2 


7 


500 


350 


4.44X10- 2 



»jaiS*fTofeJ8$Of f -3»T»* 0 §&}£l*I*<Offi [0 16 3] TSa«2 0«, #*#l~7«fc« 



(18) 
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34 



32 0 



[0 16 4] 



* ft 


mm 

(mQcm) 


foV/deg) 




X10~ 5 fo/cmK 2 ) 


1 


1,200 


-20 0 


1.70 


3.3 3 


2 


1.200 


-200 


1.70 


3.2 2 


3 


t-238 


-2 04- 


1.74 


3. 36 


4 


1.250 


-1 98 


1.72 


3.22 


5 


1.250 


-1 98 


1.72 


3.22 


6 


1.303 


-203 


1.73 


3.17 


7 


1.238 


-204 


1.74 


3.36 



M2 1J4, Sftff3 0«^0«iil8ifO?3ffiEE*afk 

mm) , -r>jyb*««ft gbho £^l.t*>'k 

OK*) , -r>=fvhffi«Xfk GOO *SLTfeO> 

cttao > -o^yhmzmt mm) *^lt*j*k 

(Mm) , -f-yJvhmzmt mm) ^lt^^ 

asm . -f>=r«y ussgfk en®) s^lti/>5, 
[oi6 5] ±k*i 9*^we>*^<t'5K:«aa^ift< 

«B2, -T>:*yhffiBttft*fi*<&lK Steffi)!!** 

iotiillib^CTI/^©^ 0 2 1 ~0 2 5 
[0 16 6] IftC-Orf-y h<D^lS*^t^*ttO 

[0 16 7] fcfcxJf, -fyrf-y hgJB»£*«*#V^fe 

ft3, &#7©Jf-&tCtt, 121,12 5A^C,B^P,A>^ 
«2 1 



[0 16 8] ^B«\ -OdT-y h(D±.Tffi<D&t&t)<Olt 
£> 1C ±Tffi#ifi Sl#« £ & •? , ft)* S nt I V >ffitt 

-r>=f«y h ov>K:{±-rvrf 
■y htfco^T^WSnscfcfcJ^T^t**. ; £ 

20 m&mm (mmm.) H*A/Wfc«fc*t^ft^«iei 

[0 16 9] ffiBli, iBfioa«*m"Z?fe««feHH'>J 
•yhtLT, JjpffiffiiKlcWLT-Orf-y MS3*M6f& 

[0 17 0] Tl£«2 1 ~«2 7«, ±13**^ 1 ~& 
so 7 T? »6 L fc»©»36-'l' > =T -y h ©*Mtffl*3j* L tc 

[0171] 



<&ffi* fan) 


Sit* 
(rnQcm) 


If-*?*** 
UV/deg) 


ffiflttt 

(%) 


mm<o 
nana 


xlO" 5 W^cmK 2 ) 


2 


0.974 


-200 


98.8 


2.25 


4.1 2 


6 


0.984 


-201 


99.2 


2.2 8 


4.09 


1 0 


0.990 


-201 


98.8 


2.28 


4.08 


14 


0.993 


-200 


99.2 


2.28 


4.05 


i a 


1.003 


-1 99 


98.8 


2.19 


3.96 


22 


0.9 94 


-198 


98.8 


2.1 5 


3.95 


26 


1.008 


-1 98 


98.9 


2.1 1 


3.89 


30 


1.038 


-197 


98.7 


2.00 


3.7 3 


34 


1.068 


-1 95 


98.4 


1.81 


3.57 


38 


1.086 


-1 94 


98.7 


1.66 


3.47 
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OSHI (mm) 


mm 

(rnOcm) 




sstt 

{%) 


JWtttt 


xlO-^fa/cmK 2 ) 


2 


1.046 


-193 


98.8 


2.38 


3.63 


6 


1.044 


-199 


99.2 


2.46 


3.78 


1 0 


1.058 


-1 98 


98.8 


2.41 


3.71 


1 4 


1.073 


-1 98 


99.2 


2.34 


3.64 


1 8 


1.068 


-197 


98.8 


2.32 


3.6 2 


22 


1.079 


-194 


98.8 


2.21 


3.4 9 


26 


1.120 


-192 


9 8.9 


2.10 


3.29 



312 3 



QMU (mm) 




fcV/deg) 


mmt 

{%) 




x10" 6 WcrrK 2 ) 


2 


1.223 


-202.6 


9 9.6 


2.04 


3.39 


6 


1.085 


-202.6 


99.3 


2.31 


3.79 


1 0 


1.235 


-201.2 


9 9.5 


1.73 


3.28 


1 4 


1.189 


-200.8 


99.3 


1.89 


3.39 


1 8 


1. 224 


-201.7 


9 9.4 


1.93 


3.32 


22 


1.326 


-200.0 


98.9 


1.67 


3.02 


26 


1.291 


-1 98.6 


9 9.2 


1.48 


3.09 


30 


1.468 


-1 98.3 


98.3 


1.32 


2.69 



»24 



cOEJKmm) 


lift* 

(mQcm) 


fctV/deg) 


mmt 

(X) 


m*<o 


xlO^fo/cmK 2 ) 


2 


1. 124 


-1 97.2 


99.5 


1.98 


3.46 


6 


1.081 


-1 97.0 


99.5 


2.01 


3.5 9 


1 0 


1.111 


-195.5 


9 9.4 


2.00 


3.45 


1 4 


1.095 


-195.6 


9 9.5 


2.01 


3.49 ; 


1 8 


1.419 


-191.5 


9 7.4 


1.39 


2. 5 9 


22 


1.425 


-1 90.7 


9 7.6 


1.08 


2.5 5 


26 


1.593 


-190.6 


94.9 


1.09 


2.29 


30 


2.02 7 


-1 89.0 


98.1 


0.66 


1.76 



*2 5 



(OEM (mm) 


(mQcm) 


fcV/deg) 


mmt 

(%) 


S*tttt 


x10- 5 (w/cmK 2 ) 


2 


1.063 


-205 


9 9.0 


2.31 


3.94 


6 


1.079 


-204 


98.3 


2.31 


3.86 


1 0 


1.085 


-204 


98.3 


2.3 0 


3.8 3 


1 4 


1.086 


-202 


9 8.2 


2.2 8 


3.7 7 


18 


1.078 


-201 


97.4 


2.28 


3.7 5 


22 


1.080 


-200 


96.4 


2.22 


3.6 9 


26 


1.092 


-197 


95.7 


2. 1 7 


3.5 6 


30 


1.135 


-196 


95.0 


2.08 


3.3 9 
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{rnOcrn) 


fcV/dee) 


mmt 




xlO-^/cn* 2 ) 


2 


1.051 


-204 


99.5 


2.45 


3.95 


6 


1.077 


-203 


98.9 


2.42 


3.83 


1 0 


1.086 


-203 


9 9.2 


2.29 


3.83 


1 4 


1.1 15 


-202 


99.2 


2.26 


3.6 7 


1 8 


1.101 


-203 


99.5 


2.20 


3.7 5 


22 


1.1 18 


-203 


99.1 


2.16 


3.68 


26 


1.1 32 


-202 


98.6 


2.10 


3.59 


30 


1.173 


-199 


98.0 


1.93 


3.38 



£2 7 



CDEJi (mm) 


mm 

(mQcm) 


&*V/deg) 


mmt 

(%) 


mnmt 


x1Q- 5 (w/cmK 2 ) 


2 


1.1 66 


-203 


99.7 


2.15 


3.5 3 


6 


1. 1 89 


-202 


99.6 


2. 14 


3.4 4 


1 0 


1.1 80 


-202 


99.2 


2.00 


3.4 6 


1 4 


1,241 


-201 


99.0 


1.52 


3.2 6 1 


1 8 


1.744 


-1 98 


99. 1 


0.7 7 


2.2 5 


22 


1.945 


-1 96 


99.4 


0.87 


1.98 1 


26 


1.828 


-1 98 


99.0 


0.72 ; 


2.15 


30 


1.857 


-1 97 


99.2 


0.81 ; 


2.09 



-r&to"5. #*fri—7-e«ii«L 4 0 0° CT2 4fif 

ttWLfto j eo«s*^±iBa2 1~2 7tc^^nxv^ 
[0172] so^tr-x (ais-r>rfy h 1 4) <oa?s 

ft^ofe*\ Bffi*lRlDK:ot^T««Ht«[0»WK:tf6 
9, BB*lRlD<0*ei*crkfc«jtt<t*^LTv^o 

[0173] ^2 oo«B©a«»»"e**«w-f >j 

v hO»SxOS^ttJ±k. S2 l -2 7fc3ST»3S»<D 

2mmOS(4Tl. 7 0^62. 3 8 fcfift<Dg;£ttifc 
[0 17 4] Sfc, l - 7 

{4T*3. 2 2^63. 6 31C/.W — 7 7^^<^ 



[0 17 5] C^, *fl=3, *fr7(Ol§ttt, ®ig 

VVDtf, ^2 0 il!2 3<DJtlM6*. m2 0tm2 7(D 

30 77^^, KBttlC. S&gfuOffi (3. 53) J:H 

OSP» (3. 7 9) /-ctfT*fe£o 
[0 17 6] COC ±a?L/'c < fc'5tc^'y h*— S> 

xa*»c**a«B3U«*i: (02 k 122 5#ko > -y 
[0 1 7 7] fc^su coct-saffiJB^u^'ri/^ajfi 

[0 17 8] BBtifi*fcBBUT«, rSStfift^JS 2SStt 

0° CWTT'SSCt^SL^o 
[0 17 9] ffitc, HffiBtttfftvMf$l«:ti\ fflteSSB 

50 tt^pifliaia*-c?fcntf*-^«prft6Ta&*o *{tt?»c 
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[0 18 0] «ffl^Offifaff*K:HLT«, SJJWHTfiBE 

£ffm~«8 0mfflQl&X*P&7 0 k g/cm 2 LX± 
3 5 0 k g/cm 2 J^TOS5HT^^C^^aSLV^o 
[0 18 1] £fc, m2 1 H2 2 SlCa^T^?^ *H 10 

tTlWIBE**»t«**i:i:"e, *B*«/J«te:*li* 
o o k g/cm 2 *«*ft«BTOMffi*-rtMS-i'>=fv 

»2 B 



40 

[0182] psw^tcov^Ti^ai^ajs^ff 

[0 18 3] t4b"B, «3©»»M^raU»a©B i 
o.4 Sbi.e Tea Opiil^*f*^, ^30^SS 

P0«£* iSS ««) ^3 0mm. S*M0mm, M3£ 

8B*ffli\ TIB* 2 8lc*rTS£:ft8~l 2TT« 
[0 18 4] TIBS 2 8tt, rSS> *3ffl^f»E*«:^^ 

[0 18 5] 



* ft 


0C) 


(Kfi/cm 2 ) 


(mm/sec) 


8 


500 


1 50 


1.14X10" 3 


9 


500 


70 


3.04 X10~ 4 


1 0 


500 


150 


5.03 XI 0" 3 


1 T 


450 


100 


2. 2 6 XI 0" 4 


12 


520 


100 


6.4 7 XI 0" 3 



ccx\ *ft8«, ±mm3(Dmmmtm^i^mm 

[0 18 6] Sfc, Tf2S2 9f£. **ff8-l 2«tC 
*2 9 



[0 18 7] 



* ft 


gift* 
(mQcrri) 


OiV/deg) 




XI 0" 5 fa/cmK 2 ) 


8 


0.939 


196 


1.20 


4.09 


9 


0.939 


196 


1.20 


4.09 


10 


0.816 


185 


1.20 


4.17 


1 1 


0.81 6 


185 


1.20 


4.1 7 


! 1 2 


0.827 


185 


1.21 


4.1 7 



B2 6li, *ft9©»^OfiBfiXS*©iSf«ff*S{t 
(««) , -rvrfy hSGS^ft: ^LT*5D> 40 

■2 8U, *fti i o^oaBftxa*ow«BE*ae{b 

OHM) , ^>=f^MS«*fk (MM) *5RLT*?>. 
H2 9I4, ^ff 1 2 0«*0«BuDB*OW«EE*l«<b 
(OEM) , -rv=ryhJ5S*fl: CUM) «*LT^*o 

[0188] »*c-o=ry hoaaBiaft*^*i/^*ft(D 



[oi8 9] ^yi7b»M^tv^ 
fti OOW^^ti, 0 2 7^^0^5>^^cfc , 5tc. 

[0 19 0] TIBS 3 0-13 4fi, ±i&S*ft8~* 
[0191] 



50 
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41 42 

S30 



Wffill (mm) 


(mQcm) 


fciV/deg) 


(SO 




xlO-Sfa/cmK 2 ) 


2 


0.901 


200 


98.6 


1.42 


4.44 


6 


0.91 5 


200 


9 8.5 


1.40 


4.37 


1 0 


0.921 


198 


97.8 


1.39 


4.2 5 


1 4 


0.966 


200 


96.7 


1.38 


4.1 2 


1 8 


0.934 


199 


97.6 


1.39 


4.2 5 


22 


1.221 


206 


92. 1 


1.26 


3.4 7 


26 


1.457 


209 


86.6 


1.22 


3.01 



3m 



<DVgm (mm) 


(jmQcmi) 


OiV/deg) 


mmt 

(%> 


mm<o 

Jtttttt 


xlO-Sfo/cmK 2 ) 


2 


0.804 


191 


99.9 


1.52 


4.51 


6 


0.823 


191 


ioa2 


1.43 


4.46 


1 0 


0.863 


191 


98.7 


1.28 


4.21 


1 4 


0.87 1 


192 


100.7 


1.35 


4.25 


18 


0.91 1 


1 95 


98.0 


1.33 


4.1 6 


22 


0.963 


1 95 


96.1 


1.26 


3.9 5 


26 


1.072 


1 96 


9 5.2 


1. 1 6 


3.60 



S3 2 



cOSDt (mm) 


(mQcnm) 


OtV/deg) 


mmt 

(*) 


Wftttt 


xlO-ste/emK 2 ) 


2 


0.84 6 


1 97 


9 9.9 


1.57 


4.60 


6 


0,850 


197 


98.4 


1.57 


4.5 6 


1 0 


0.8 79 


196 


98.6 


1.49 


4.39 


14 


0.927 


197 


99.1 


1.38 


4. 1 8 


18 


0.914 


197 


98.7 


1.41 


4.23 


22 


0.950 


196 


97.8 


1.52 


4.03 


26 


1.1 91 


1 97 


93.0 


1.14 


3.25 



S3 3 



CDffiH (mm) 


GmQcm) 


0«V/deB) 


sstt 

(X) 




xl 0" 5 fa/cnr* 2 ) 


! 2 


0.84 6 


197 


99.9 


1.57 


4.60 


6 


0.850 


1 97 


9 8.4 


1.57 


4.56 


10 


0.879 


1 96 


98.6 


1.49 


4.39 


14 


0.9 27 


1 97 


99.1 


1.38 


4.18 


1 8 


0.9 14 


1 97 


98.7 


1.41 


4.23 


22 


1.950 


1 96 


97.8 


1.52 


4.03 


26 


1.191 


1 97 


93.0 


1.14 


3.25 



50 
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«34 
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44 



<r>mm (mm) 


(mOcm) 


faV/deg) 


Sfftt 

(56) 




xlO^k/cmK 2 ) 


2 


0.691 


179 


99.2 


1.80 


4.64 


6 


0.687 


1 79 


99.3 


1.77 


4.67 


10 


0.697 


1 79 


99.0 


1. 76 


4.62 


14 


0. 721 


1 80 


99.7 


1.69 


4.47 


18 


0.738 


180 


99.3 


1.64 


4.3 9 


22 


0. 764 


181 


99.2 


1.56 


4.31 


26 


0.778 


181 


99.6 


1.52 


4.21 



irim<Dg.j3&lk. -tf-^^fau ^«7-7r^^f:v> 

[0 19 2] PJ^tf-X OKfiW^dry h 1 4) 

■oZtf&c>t\rz a S3 0~3 4T-ti, i|©73(p]T'¥i£l^i: 
•3, SK*lRlDO*E«lcrfcK:«ritfl[*^L-r^*. 
[0 19 3] 9 0®jg©ttlf6#JS-efc-5ttiffi-r>dr 
•y hOfitrioa^tttti:, 130-34 C^fSBfiao 

SJ:3t, &*#8~l 2i:fet, «iBM'>=f-y hiJMi 

[0194] zrc. nsitmKjfcttLT, pg*m©« 

[0 19 5] ±aiLfc^4~^9OHfifi0l|T{±, 
±{c, B i 2 T e 3$&tt¥8tt*m«0U t i: 5 BKHH Lfc 
B i S b^m^«i*«StCO^T^S£L/£*^K 

[0 19 6] ±a?Lrclg 1 ~S9<Ol»JT'tt, 

B i 2 T es3S*«¥#(ttsJ:tf B i S b^H¥«{*K 

[0 19 7] &*5, *%tt0O-P(*. ±i:LT> hf 

LTfiCftfc:|Ey££n5fc>ttT'«:3:V\> 
[0 19 8] Hj§fl:f»5(S«:ADJEL/'c*om«c*OT-rxC 



50 



[0 19 9] Sfc, #5lifi0!|-Ctt, !!Mt¥JI««m*J» 

[0200] ^mommm^mmn^ntLr 

[0 2 0 1] 

mmmhm w±«»!i/r 

[0MtDffi¥*l»0^] 

[01] *»B80j»*^»(*0»JS»}56^43*t«5»H'r 

[0 2] *«w^«fesj»m^^c*ajsao!»**»* 
[03] *«w^«ts}iaH^^c*«ffl«»<oj»«*»f* 

[0 4] *KB80J»«*»*0«JS»ffi07D-^^- 

[05] i <D*asffiio*ffi-t?flBv^6tis-r* 

[0 6] *^oj»m-r^ii^«iatc^tj'«»3i^Fffl^ 
[07] cco-r>dry Y<D4¥m>ft<om^z.tt~?z>m 

[0 8] *«W©5»m-r*ii*eJBk:43W*iPffi*i:^ 

[09] *i«reoS2oiififiM<o^rj*Tfflt^ns-r^ 
[01 o] *mRnfam<oj3mizt5ifzj±t}£ftm&& 

[0 11] C<D*>Z*V b<0 4¥&tt<Dmm&lC*t-tZ 
[0 1 2] iflt^a-^fNti 

[0i 3] *3m<Dft&vf&&\srztmm¥ttftz:m^ 



45 

<DHfl<Mr^;-r0 

t jgfig l fc^«^e s? a. -jKommffi&m t arisen t 
[bi si *&w<ommm<Dj;mizisvzi£tii3£u-( 
[iai6] *&w(omi&m<D®mjLm*m<!)mLn5m 
raw] ^^©iisfi^-e^fiE^nfc^^^a-;!/ 

[01 9] *mn<ommm<o-fimzi3V2>&t>s5&u-< 
[020] mm^yzivhvygftmttVrm-tzmfeiz- 
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